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Abstract
We have performed magnetization measurements under pressure up to 7.4 kbar for BaNiSn3-type CeCuAl3. The temperature
dependence of magnetic susceptibility indicates a broad peak at T0 » 2:5 K. T0 is nearly the same as the N¶eel temperature TNMR
which was determined by NMR in a literature. Contrary to the strong suppression of TNMR by pressure, T0 has been found to
increase slightly with pressure at a rate of 0.02 K/kbar. In order to interpret these results consistently, the broad peak should be
attributed to Kondo e®ect, and T0 and TNMR happen to coincide with each other at ambient pressure.
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Recently, CeRhSi3 [1] and CeCoGe3 [2] in the BaNiSn3-
type CeTX3 system (T=group VIII transition metal,
X=group IV element) have been discovered to be pressure-
induced heavy fermion superconductors (HFS). While a
large number of HFS possess inversion symmetry in their
crystal structure, BaNiSn3-type structure lacks inversion
symmetry. These novel HFS, together with CePt3Si [3]
and UIr [4], have received considerable attention as a new
classi¯ed superconductor. CeT 0X 03 system (T
0=group IB
transition metal, X 0=group III element) also adopts the
BaNiSn3-type structure and have reported to be heavy
fermion antiferromagnets [5{8]. Therefore, it is interesting
to investigate physical properties under pressure for this
system, but high-pressure measurements have been little
performed. Among CeT 0X 03 system, CeCuAl3 is one of
the most interesting compounds, which is considered to
be located close to a quantum critical point (QCP) [5,6].
CeCuAl3 has been reported to be an antiferromagnetic
heavy fermion compound with the N¶eel temperature of
about 2.5 K from the speci¯c heat, magnetization, electri-
cal resistivity [5], and NMR [6] measurements. The only
experiment performed under pressure is NMR. The N¶eel
temperature TNMR, which was determined by the tempera-
ture below which the width of 27Al line spectrum broadens
rapidly, decreases very quickly with pressure and becomes
¤ Corresponding author.
Email address: nishioka@cc.kochi-u.ac.jp (T. Nishioka).
below 1.3 K at 7 kbar [6]. The extrapolated TNMR against
P indicates the collapse of the antiferromagnetism around
10 kbar. Therefore, QCP is realized near 10 kbar, and
superconductivity might be realized there. The purpose
of this study is to clarify the magnetic properties from
a macroscopic point of view. In order to realize this, we
have performed static magnetization measurements under
pressure.
The polycrystalline samples used in this study were pre-
pared using an argon arc-furnace. We used two as cast sam-
ples No. 1 and No. 2, whose Ce purities are 4N and 3N, re-
spectively, and the annealed sample No. 3, which was heat
treated No. 2 at 800±C for a week and then quenched into
water. The sample became very brittle after annealing. All
the resulting materials were con¯rmed as single phase of
BaNiSn3-type structure within the powder X-ray di®rac-
tion. The magnetization under pressure was measured by
incorporating a copper-beryllium pressure cell into a com-
mercial squid magnetometer (Quantum Design, MPMS-
XL5). A low temperature pressure was determined by In
manometer. The contribution of backgroundmagnetization
against the sample one at 20 K was less than 1%.
Fig. 1 shows the temperature dependence of the suscepti-
bility Â for polycrystalline samples we prepared. The sam-
ple No. 1 and No. 2 show a broad peak at around 2.2 and
2.5 K, respectively. The value of Â for No. 2 is larger than
that for No. 1. For the sample No. 3 (4) measured im-
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Fig. 1. The temperature dependence of Â in a ¯eld of 0.1 T at
ambient pressure for di®erent sample condition. ² : as cast sample
No. 1, ° : as cast sample No. 2, 4 : annealed sample No. 3, 2 : the
sample, which was \annealed" No. 3 for further one month at room
temperature. See the text for detail.
mediately after annealing No. 2, the peak temperature T0
shifts to higher temperature and the peak value becomes
small. Leaving this annealed sample for one month at room
temperature (2), T0 further shifts to higher temperature
and the peak value also becomes small. Thus, the magnetic
properties of CeCuAl3 is very sensitive to the sample prepa-
ration, especially for annealed samples. The susceptibility
for as cast sample remains unchanged for several months.
Thus, we used as cast sample No. 1 for the present study.
Fig. 2(a) shows Â(T ) for several pressures up to 7.4 kbar.
As pressure increases, the peak value of Â is suppressed and
T0 slightly increases at a rate of 0.02 K/kbar. In the inset we
plot the pressure dependence of T0, together with TNMR [6]
and TN of CeCuGa3. As clearly shown, the pressure depen-
dence of T0 is quite di®erent from TNMR. Fig. 2(b) shows
the inverse susceptibility. The slope remains constant but
the negative paramagnetic Curie temperature increases in
magnitude with pressure. The inverse of Knight shift of
NMR is about the same behavior. These results indicate
Kondo temperature increases with pressure. The increment
of Kondo temperature is also supported by our preliminary
electrical resistivity measurements. A broad maximum in
the resistivity characterized by the formation of Kondo lat-
tice increases with pressure. These results suggest the broad
peak in Â(T ) is not due to antiferromagnetic ordering but
based on Kondo e®ect. According to Doniach's phase di-
agram, Kondo temperature increases and N¶eel tempera-
ture decreases with increasing c-f coupling near QCP, the
present study suggests CeCuAl3 locates close to QCP as
indicated in Ref. [5,6]. At ambient pressure, T0 and TN hap-
pen to coincide with each other, and both characteristic
temperatures would separate under pressure.
On the other hand, it is not able to be completely denied
that the antiferromagnetic ordering occurs at T0. As for
CeT 0X 03 system, the N¶eel temperature tends to increase
with volume contraction [7,8]. We have also measured the
magnetization under pressure for CeCuGa3 whose volume
is smaller than CeCuAl3 . The pressure dependence of the
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Fig. 2. The temperature dependence of (a) Â and (b) 1=Â in a ¯eld
of 0.1 T at pressures up to 7.4 kbar for sample No. 1. The inset in
(a) shows pressure dependence of T0, TNMR for CeCuAl3, and TN
for CeCuGa3. The straight lines of (a) and (b) represent the least
square ¯ts.
N¶eel temperature TN (±) is shown in the inset in Fig. 2(a).
The TN of 3.35 K at ambient pressure increases up to 3.59
K at 10.5 kbar at about the same pressure rate of CeCuAl3.
Since CeCuAl3 shows large sample dependence as shown
in Fig. 1, it is doubtful whether the present sample and the
NMR one exhibit the same magnetic properties. Therefore,
the possibility that the peak in Â(T ) may be attributed to
an antiferromagnetic ordering remains. In order to resolve
these problems, it is necessary to perform magnetization
and NMRmeasurements for the same sample. Such studies
using a high quality single crystal are now in progress.
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